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ADHESIVE COMPOSITIONS 

,«ia«-o<; to adhesive 
The present invention relates to a 

compositions. v^^oci- in the general 

field of adhes.ves 'o^^ "^^^^ ^^^^^.e bonding, 

of . Wide r.n,e "^P"^";'/. aurabl. adhesives, 

particularly with Hnown "^^h stren, ^ 
has been relatively slow and/or has req 

equipment- free-radical 

.erylic-based adhesives, f,, „se 

addition reaction .echan.s.s, have .een 99^ ^^^^^^^^ 
in applications Which ^ T^^ilo-^ased 

adhesive -^P-; ,„i„ts which exhibit 

adhesives form ""^"'^ applications, they often 

, beneficial properties rn some app ^^^^-resistant 
possess unacceptable water, solvent, and 

qualities. as adhesive 

curable epoxy resins have also 
. . Bv contrast to the free-radical 

compositions. By contr 

0 addition-curin, ^^oZ .^^^^s are polymerised 

acrylic-based adhesives the -P«^ ^ 

ionic addition .echanisms ^^^J .p^,, 

.urin. rfp ryl n twL. and are 

adhesives for. a '^'".^"f" adhesion, and good 

^5 Characterised by ^^-^^^ qualities, they tend 

water, chemical, and -^"-J^fJ^^/..^,, render them 
to be brittle, and their ^""^/"^"^...ations. 
inappropriate for many -^"""^ ^^^^ ,,at 

is generally "=3-?:^ ^^s.^.^ased adhesives 
30 acrylic-based a-es.ves a a epoxy ^^^^^ ^ „3.,.3e,«l, 
are mutually non-re c .^^^^ .^^^.i.^ased monomer 

discloses - -^O" ,,^„i,es its own curing 

and epoxy resin, each ^.^^^^^ 

agent, resulting m ^^^^'^'^J^s containing an epoxy 
3 5 interbondtng. Moreover. 



t react are disclosed in, 
.esin ,;':;r,47::: Z «Mc. an epoxy resin is 

tor exai.ple, OS A 3' ,c„Uc-basea adhesive, 
selectively aaded .o - present 
. poly.er.s.ble ccmpo ^^^^^^ ^ ,oi,„erisable 

invention <=-f"=" ^ „„„ .^an 1.8 parts by weight 
epoxiee-based -""/Z^^^^.^^,, „a„rial, and a 
of a polymerisable aery polymerisable 
.functional compound. „o„-reactive at 

materials are -»"'"^"^ bifunotion^l 
anient te^peratur a a ^^^^^^^^^^ 

compound can react «l oompositlon 
anient temperature; and .n «h^^^ ^ ^^^^^^^^ 

additionally c-pr-es _^ ^^.„ 

initiator. The present epoxlde-based 
i the unique properties of aery 

materials. claims a polymerisable 

.B-A-2110705 discloses , 
composition which co.prxses i p ^^^^ ^^^^ 

polymerisable ^P^''^^"-^;^^^ . ^.^^^ difunctional . 
0 parts hy weight of a compound as 

acrylic-based material, and a bi. 

defined above. .^.^vi ic-based" adhesive 

AS used herein, the term aery. 

-.1 is used generically and generally 
neater xal xs used g ^^^^^.^ be 

25 chemical structure CH ^ ^^^^^.^^ 

hydrogen, methyl or etnyx. methyl methacrylate 

e.g. acrylic acid o-n^ster , ^e-,- 

is ''"O"" - '/^ ^,i,ion polymerisation 
proceeds by a ^^^^^Trl^ic.. initiator interacts w.th 
30 mechanism, when a tree r 

the carbon-oarbon double compounds 

used herein "epoxy . T. 

containing the -n:rs"ty;nr:t:rne oxide, where 
33 r r cir"!:: the%in, are bonded to hydrogen 
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.ally they are bonded to more complex, organic 
but generally fney a combination) 

,• v.^^-^r- cvclic or aromatic (or any 
e.g. aliphatic, cyclic epoxide groups 

^ . , ^- It is known in the art zna-c v 

backbones. j-^ -^^ 

Ar^n^r addition mechanisms, 
react via lonic acaiti „,^h is used herein has 

5 The bifunctional compound which is usea 

two Chemically-reactive groups of ^^^^J/^^^^^.^^.^^^ed 
. . tonality one functional group is epoxi 

10 bifunctional compounds are glyciay 

methacrylic acid. .:hould be 

*.-„r,«i" as used herein, shouia d« 
-Bifunctional , as u bifunctional compounds 

from "difunctional"; difunctiona 
distinguished fro^ ^ ^^ 

,.ve two aifunctional compounds are 

15 functionality, ^''^f . ^^^.^^late and bisphenol A 
ethoxylated bisphenol A dimethacryla 

diepoxide. ^^,^,,ed that bisphenol A (also known 

. ,;;-rso:::;:ra:.ea...e.. .o..a ^ 

of other suitable chenical s"--"' ^^"^ ,,„e„t 

■ , ^f»r>oxide adhesive component usea in ' 
typical ^^^/^ ,,,1 ether of bisphenol A. and a 

invention xs tne aiy jf -r ^„^nf used is 

typical diacrvUc-based adhesive ^"•^P^.^n.^^ 

,S etLylatea bisphenol . ^^^^^^^^ Z'^"^'^''"''' 
exa»,ples of difunctional molecules are 

Similar but — ^;i^/;XI,:rs:radhesives usually 
It is known that jree-radical 

require the P-^t^/.^. tnlae the organic 
,0 type. Known . ana organic peresters, 

peroxides. °'^^""^f,t,/,,3pe=tively by benzoyl 

Which can be --^^^'Z^/^^^/,, acetyl peroxide. It 
peroxiae cumene hydrope 

is known in tne aiv. 
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It'is also known in the 



generally contain .^aed to the 

other materials speed ot 

acrylic-based adhesive " . „ example, 

.he reaction o£ the adhesive -"P""-;;; 

*- .^*>rtain substances, acting 
, it is Kno-n that certa n ^^^^^^^^ ^^^^ ^ 

inhibitors, will mterr 

- " " T^Tnrtirrraln salts, .nctionin, 

'tTuiirorr^ activators, can be added to accelerate 

10 tL'rlte of poly.«i»^^-^^ ' 

" r: "" following e«a»ple wherein wor. pieces 
illustrated in the ^ i„ltial 

„e bonded and often ta.es no .ore 

-set-up-, which rs ''^""^ ^ is the 

- than a - e-een the acrylic-based and 

pclymerrzatron adhesive. The 

epoxide-based ""P°"^"" °/ '„3,„, i„„ention is obtained 

: t-up, i:: the ter. .,uic.-set. as 

during this initial set up, ^ substantially 
20 herein used means 'hat wor -p ^^.^^ of the 

adhesively bonded to,ether by t ^^^^ ^^^^^ 

present invention within a shor P ^^^^ 
„ay, for e/a^ple, be 10 «;;^,^„, p„„it see 

provided by the , ^ pieces such as -ay 

" f-ther handling of th ^^^^^^^ 

be necessary for reroova ^ ^^^^^ ^^^^ the 

bonding station or ,,^1 more economical 

adhesive, thereby promoting faste 

>,4he9ive convpositions or 
production. Adhesiv f ^^^^ temperatures. 

30 provide even better bonds a present 
ourm, the course of the d initiating 
invention, it was „eet certain of 

the adhesion reaction was aldehyde 
the objects of the present 

35 amine reaction products, acting as 
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....... - --trr r...a- .„co.pc.un, 

" invention, a quantity adhesive 

features of the pr.s , ,„gr.dient Is 

5 components ' „ „j one «orK-pie=e. * 

prepared and applied to a ^.^^ ^„ the 

,„entit. o. the --^^ : r \L ^".-pieces are 
surface of a — ' ""'^/^///^...^ce with a second , 
.hen brought '^^l^^^' ^r..... invention, a first 
10 bonding method of the P ,„itiating material 

„or.-piece has a ,u nt ty =^ 3„face of 

applied to a surface the , ^^^^^ 

::Tf'r::c "-"".-Piece, with a ,ap between 
to a surface of a sec adhesive 

IS the t-o ^^f^'::^ rnrt'iLIn, ingredient, is 
components (except ro accordance with a 

prepared and ---"rth'eVent Invention . a first 
third bondrng a cavity has a 

work-piece having a surface ^^^^ 
. tfc« adhesive components lexcepj. 
20 T-antxty of the adhes ^^^^^ <^„,ty. 

initiating "'"^""^'fj, ,„antity of the Initiating 
. second «or.-,.ece ,„tc the cavity 

material '^^^'^^''I' Z^^^i^- co-ponent-covered and 
1„ a fashion such -^^^^^^^ ^,3^,,tive work-pieces 
-25 initiator-bearing surfaces o -samples of 

are positioned in close proximity- Ex-P ^^^^^^^ 
„.chanlcal addition ^^.^i^, i„to the gap 

components are forLs such as 

or cavity, "J , „ illustrate bonding 

gravity or capillary actio 

methods of ^;r^-t:::;:r::r;eparately applied, the 

When the xnitxator i „„o<;ition. The 

adhesive may be termed a ■no-mix^ com^posit._ 

rfrUrtrlstd herem is a substance which is 
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10 



fh. action of the catalyst and Initiate 
" r/tJ vorK-piece= .re .rou,« into 

,he ,«c. set A contacting of 

close .^e adhesive o, the 

their initiates a qnicK set-up, 

present invention, r o-h^.reafter , the adhesive 

:ene.allv at .oo„ ^fj;;:: ilitiato. is 

is caused to -^/^^^//^V,,, catalyst, a quantity of 

„ed to initiator, hut not the 

adhesive components inclu s surface of one 

catalyst, ^-J^-rrirntTf'alatalytic suhstance 
ra^eTpUed t: a surface of another .or.-piece in any 

cf the bondin, methods --^-fJ^J/^ ,,cu,ht together 
The worX-pleces may „3e of 

; by many different means, such " ' J ^^^.^^d, the 

/cllers or dur.n, an or a 

--^:^":rt::\::cr-set"pe:rod ana then removed for 
portion of the qux adhesion 
'T>^e curing portion ot 
tale place at room temperature or at 
0 reaction may taite y 

elevated temperatures. .„o-mix- form of 

3, .ay Of example o ^ „^ 

..e Present ^^^^^^^Z.TZ^ -i^^- " "^"^ ' 

"'"""Ltrie U.rd mixture, m this composition 
25 stora,e-stable Ixq ^^j^nctional materials, i.e. a 
components 1 ana ^ ,-aoectlvely! component 3 

dimethacrylate and diepoxide, respe 

,3 a Afunctional compound ^--^ J^.^^^^^^, 4 is a 
portion and an epoxide-based P-^"- pc,,ion and 
30 bifunctional compound J,, „ epoxide ring, 

an acidic portion which can ,„„,,,c„s as a 

component 5 provides -;7;=;;„:l:";:,„«>.acrylate 
cross-UnKln, agent «-;-;;";^;j,,3,,,c„ initiator, and 

/raTo-c-tyst' — - " 

35 component / is 
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« and component 8, a surface 

activator, to °' _ close proxlr-.ty 

„orV.-pieces are """f ^^^^^^^ ,„,i„ate contact 

such that the surface actr 

. -ith the "^"^^-Xt'^^esive composition, the 
I„ such a no m.x ^^^^^^^^ 

.ethacrylate-based adbes. ^.^^ ^ 

composite a--^"-;; l^^^^, partial bond stren,th. 
room temperature » ^i^, the epoxide 

0 on heating, pr through passage o adhesive 
.-.»ct with additional components in tne 
groups react wit ^^^^^ adhesive 

composition to cure fully an 

strength. nresent invention can 

r irra ;ry::ris::rmiLre .r adhesive 

15 be classxfi-ed as P ,^^33^ adhesive 

bondin. -'"^^f ^;;4^;,,,3.,33ed adhesive component; (3) a 
component; ^ J comprising 

bifunctxonal molecul ^,,,^i,e functional 

epoxide-reactive and acryli 

as optional components, l^J ^ 
20 groups; and, as op^ rfi\ a cross-linkxng 

/c\ an activator; and (6) a cross 
"r^^L resenrinvention cosines the desirable 
' 2 Lrvlic-based adhesives which are 

features df acryii ,,j„„-curing. no-mix compounds. 

• — rp::;rra eraahrsive! -hlch are heat- and 
25 with those of epoxiae 

solvent-resistant and durabXe^ composition of the 

preferably, a polymer ^^i^^t of 

.„.ention ^--^^/Xtd est« ;o„:onent per part by 
polymerisable acryix epoxide-based component. 

30 weight of the polymerxsable epoxx ,,,,strate 
The following Examples 1 to 6, 1 



the invention. 
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Kxample 1 



.i-.ix- composition is prepared and -^^^ '"J^l 

its eiqht components tne 
nvanner described above, us.ng as 9 

materials shown in Table 1. 

Table 1 



Compound 

. . 1 
Ethoxylated Bisphe- 
nol A Dimethacrylate 

10 Bisphenol A/ Epichlo- 
rohydrin Resxn 

'2 
Glycidyl metn- 
acrylate 

Methacrylic acid 

Triroethylolpropane 
trimethacrylate 

Cumene hydroperoxide 

■ Diphenyl ether di- 
20 sulfonyl chloride 

Amine - aldehyde 
Condensation product , 
Copper-modified 



15 



Component 
Kumber 

(1) 
(2) 

(4) 
(5) 

(6) 
(7) 

(8) 



Type 

dimethacrylate 35 
diepoxide 
bi functional 



Parts , 
B y Weight 



35 
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bi functional 
crosslinker 



peroxide 
catalyst 

Co-catalyst 



Surface 
activator 
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Appx 
0.2-0.5 

to cover 

bonding 

surface 
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U. c:.ai„i. app.o,.a.ei 3. pa.s -iio„ .PP. 

. t::^Z'::::^^^ pp. ^ p-.e.o.p...o> 
r:airirirp:;-""-. pp. p-.e..o.p.e„oi 

as an inhibitor. 

30 S2i55!Eil^^-^ ^p, having the 

pour , .hich all parts are by 

components shown .^hesive bonds 

.eight) -V-;;;;; :::^.,I,ons .as tested on steel 
obtained using these ^^^^^ 

33 -Hie. .aa .ee„ -^-"^^T:^ T... ac.iva.o. -Vana. 
mating surfaces had a thin 
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808- applied to it. Vanax 808 functions as an 
accelerator or initiator, is a mixture of butyraldehye- 
aniline condensation products, and can be purchased from 
R. T. Vanderbilt and Company Inc. The adhesive was 
allowed to cure at room temperature. The adhesive bond 
was then subjected to a high temperature environment. 
The -lap shear test" (ASTM D-1002-72) was then carred 
out. 



20 



\ 



25 



30 



35 



-10- 



\ 



Ccnpounds 



Bisphenol A/E^ichlorciiydrtn 
^ Resin 

EthooQ'lated Bisjivenol A 
DimethacaYlate 

Glycidyl methacrylate 

Trimeti^lolpropaive 
10 trimethacrylate 

Methacrylic acid 

Cunene Hydroperoxide 

Diphenyl ether disulfonyl 
J 5 diloride 

Lap Shear test 
results (kPa) 

Cure was 5 Shea r test 
hcxurs at roan perfarmed 
tenperature; at 149''C 
20 then bond was 

held at lAS^C Shear test 
for 3 days performed 
at rocxn 
tetnperature 



Table 2 

2 

3.5 

3.5 

1 

1.5 



25 



Cure was 4 
days at rocm 
tarperature 



Exanple 



3 

3.0 

4.0 

1 

0.5 
1.5 



4 

4.0 

3.0 
1 

0.5 
1.5 



5 

4.5 

2.5 

1 

0.5 
1.5 



2 drops 2 drops 2 drops 2 drqps 
trace trace trace trace 



9650 



8950 



8275 



7725 



11725 11450 11025 13800 



Then bond was 
held at 204 »C 
for 1 day and 
testp^ at room taip. 

Ihen bond was 
held at 204 "C 
for 3 days and 
tested at rocm teitp. 



7300 



8000 



9100 



7725 



11850 9375 



7725 



4125 



30 
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ExaiP.ples 6 to 8 

A composition was prepared comprising 37 parts 
bisphenol A epichlorohydrin resin, 37 parts ethoxylated 
bisphenol A dimethacrylate, 10 parts glycidyl 
5 methacrylate, 15 parts methacrylic acid, 0.5 parts cumene 
hydroperioxide and 0.1 parts diphenyl ether disulfonyl 
chloride (all parts are by weight) . 

For Example 7, a conventional acrylic adhesive was 
made up in the same manner, but replacing the resin with 
10 a further 37 parts of the ethoxylated bisphenol A 

dimethacrylate and increasing the amounts of the last two 
ingredients to 1 and 0.2 parts, respectively. 

For Example 8, a conventional epoxy adhesive was 
formulated from 100 parts bisphenol A epichlorohydrin 
15 resin and 2 parts 2-ethyl-4-methylimidazole . 

The adhesives were allowed to set at room 
temperature (approximately 250C) . The adhesives were 
then oven-cured for 2 hours at 70 and subsequently for 
1 hour at 177 «C. Cold-rolled steel panels were used as 
20 the work -pieces. The strength of the adhesive bonds 

formed were tested, and the results are shown in Table 3. 
The bonds were tested after 1 hour, 1 week and 2 weeks at 
232«'C, 

Table 3 

"\^25 Lap shear test (kPal after 

Example 1 hr 1 week 2 weeks 

6 4950 11575 10125 

7 975 1375 failed 

8 • 1350 2750 3450 

30 Further, high temperature chemical resistance was 

measured in various liquids after ageing for 1 month, 
either at 87 °C or at room temperature. The results are 
in Table 4 . 
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Table 4 

Lap shear test (kPa) 
Ageing Liquid Ex. 6 Ex.7 Ex. 8 

temp. (**C) 

87 anti-freeze/ 

water (50:50) 6900 1690 4925 

87 water 2975 2250 2075 



87 transmiss- 
ion oil 



11150 3025 8750 



87 SAE 30 oil 10750 2700 8950 

87 10% NaOH 1525 - 4550 
2 5 ' methyl 

ethyl ketone 7000 1100 9250 

25 (control) 7300 3300 9375 
15 Examples 9 to 11 

Three formulations were made, as shown in Table 5 
(all parts are by weight) • 

Table 5 

Example 9 10 11 

20 ABS resin 2.718 1.510 0.3020 

Methyl methacrylate 5.652 3.140 0.6280 

Methacrylic acid 0.432 0.240 0.0480 



Bisphenol A/Epichloro- ^ ^ 

2 5 hydrin Resm 



9.0000 



\ Aliphatic amine adduct 0.200 1.000 1.8000 

Cumene Hydroperoxide 0.0432 0.024 0.004iB 



30 



Diphenyl ether 1, ^ ^^61 0.0145 

l-disulfo;iyl chloride 



0.0029 

BHT antioxidant 0.0261 0.0120 0.0024 



Synthetic spermaceti 0.0873 0.0485 0.0097 

wax 

Vanax 808 0.1000 0.0400 0.0100 
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9. A method for polymerising a composition comprising a 
formulation as defined in claim 1 and a catalyst 
initiator, which comprises contacting the composition 
with a catalyst. 
5 10. A method for bonding two surfaces, which comprises 
applying a composition comprising a formulation as 
defined in claim 1 and a catalyst initiator to one, and a 
catalyst to the other, of the surfaces, and bringing the 
surfaces into contact. 
10 11. A method for bonding two surfaces, which comprises 
applying a catalyst initiator to one of the surfaces, 
bringing the surfaces into close proximity, with a gap 
therebetween, and introducing into the gap a composition 
comprising a formulation as defined in claim 1 and a 
15 catalyst. 

12. A method for obtaining a bond at a surface, which 
comprises applying a composition comprising a formulation 
as defined in claim 1 and a cross-linking agent, and 
subsequently a catalyst initiator, to the surface. 
20 13. A method according to claim 12, in which the 
composition additionally comprises a catalyst. 
14 A method for obtaining a bond at a surface, which 
comprises applying a composition comprising a formulation 
as defined in claim 1 and a cross-linking agent, and 
25 subsequently a catalyst, to the surface. 

15. A method for obtaining a bond at a surface, which 
comprises applying a catalyst, and subsequently a 
composition comprising a formulation as defined in claim 
1 and a cross-linking agent, to the surface. 
30 16. A method according to claim 14 or claim 15, in which 
the composition additionally comprises a catalyst 
initiator. 

17. A method according to any of claims 12 to 16, which 
is conducted at ambient temperature. 
35 18. A method according to claim 17, which comprises the 
additional step of curing at an elevated temperature. 



"2^1 (cp^e^^-MTl 

CLAIMS 

1. A polymerisable composition which comprises a 
formulation of 1 part by weight of a polymerisable 
epoxide-based material; no more than 1.8 parts by weight 
5 of a polymerisable acrylic-based material; and a 
bifunctional compound; in which the polymerisable 
materials are mutually substantially non-reactive at 

ambient temperature, and in which the bifunctional 

compound can react with both polymerisable materials at 
10 ambient temperature; and in which , the composition 

additionally comprises a catalyst and a catalyst 

initiator. 

2. A composition according to claim 1, wherein the 
polymerisable acrylic-based material is methyl 

15 methacrylate . 

3. A composition according to claim 1 or claim 2, 
wherein the polymerisable epoxide-based material is 
bisphenol A epichlorohydrin or the diglycidyl ether of 
bisphenol A. 

20 4. A composition according to any preceding claim, 
wherein the bifunctional compound is glycidyl 
methacrylate or methacrylic acid. 

5. A composition according to any preceding claim, 
which comprises from 0.75 to 1.8 parts by weight of a 

'25 polymerisable acrylic-based ester material per part by 
weight of the polymerisable epoxide-based material. 

6. A composition according to any preceding claim, 
which additionally comprises a cross-linking agent. 

7. A composition according to claim 1, substantially as 
30 described in Example 10 or Example 11. 

8 A method for polymerising a composition comprising a 
formulation as defined in claim 1 and a catalyst, which 
comprises contacting the composition with a catalyst 
initiator . 

35 



Lap shear test 
results, (kPa) 

Cured at 

elevated tempera- 
tures for 



Peel strength 

test results (kg/m) 



10 Cured for: 
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Table 6 
Example 

30 minutes 
24 hours 

Example 



2 days at 
room temp- 
erature-. 

2 hours at 
65°C 



10 



11 



n.t. 1375 n.t. 
10275 17000 13625 



10 



11 



2075 



1850 1150 



2200 



In addition to the specific bonding examples 
15 presented above, the composite adhesive of the present 
invention can be used in many commercial or industrial 
applications. For example, the adhesive of the present 
invention can be used to bond a steel motor magnet to an 
aluminium housing; and it can be used to adhesively bond 
20 a variety of plastics work-pieces together. In the 

construction area, the present invention can be used to 
adhesively bond reinforcing members, thereby eliminating 
the need to use conventional welding or other fastening 
techniques. In addition, the composite adhesive of the 
25 present invention can be used to bond surfaces which are 
not necessarily clean. 



30 
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In these formulations, ABS (acrylonitrile-butadiene- 
styrene) resin was added to the mixture to make the 
adhesive more viscous and the cured bond more flexible 
Increased viscosity often enhances the quick-set feature 
of an adhesive. An aliphatic amine adduct, a known 
curing agent for epoxy resins, was included in the 
mixture. A butylated hydroxy toluene (BHT) anti-oxidant 
xngredient, a known stabiliser, was added to the mixture 
to counteract the effect of the hydroperoxide ingredient, 
and give the adhesive mixture a longer shelf-life. ihe 
aliphatic amine adduct, an optional ingredient, is also 
known to retard the cure under certain conditions. A 
synthetic spermaceti wax, another optional ingredient, 
tends to migrate to the surface of the adhesive mixture, 
15 and thereby prevents the volatile components from 

evaporating, if such is desired. The components were 
mixed in the weight proportions indicated. The adhesive 
was then applied to etched aluminium strips for adhesive 
testing. 

20 Bonds produced using the formulations of these 

Examples were tested for lap shear strength and high peel 
strength (test results obtained performing ASTM 
D-1876-61T) while, at the same time, quickly bonding 
together the work-pieces because of the quick set and 
^ 25 rapid cure rate. The results are shown in Table 6. 
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